An intramural coronary artery in the setting of truncus arteriosus (common arterial trunk) is an uncommon association. Following an uneventful surgical repair, a neonate developed a low cardiac output state deteriorating into cardiac arrest shortly after arrival into the intensive care unit, requiring extracorporeal membrane oxygenation support. Echocardiography and angiography showed occlusion of the left coronary artery, prompting emergency surgical reexploration. A ''slit-like'' orifice with an intramural left coronary artery was successfully unroofed, allowing full recovery. Full definition of the proximal coronary anatomy beyond the orifices should be investigated preoperatively in truncus arteriosus, as a missed intramural segment could lead to significant morbidity or mortality.
A female full-term neonate weighing 3.2 kg with a prenatal diagnosis of truncus arteriosus and normal karyotype was admitted for further investigation and management. Elective surgery was planned, as postnatal echocardiography confirmed the presence of type 2 truncus arteriosus with a mildly dysplastic truncal valve and a left aortic arch. However, at day 4 of age, the neonate developed respiratory distress with lactic acidosis and demonstrated ischemic changes on the electrocardiogram. She was therefore intubated and ventilated and treated with diuretics. The metabolic acidosis was corrected and after a full multidisciplinary team discussion, the patient was referred for urgent surgery.
At seven days of age, she underwent corrective surgery. The presence of truncus arteriosus type 2 with relatively small pulmonary arteries and a bicuspid truncal valve was confirmed intraoperatively, along with both atrial and ventricular septal defects. Somewhat unexpectedly, there was also an infarcted appearance to the anterior papillary muscle of the tricuspid valve. Both coronary ostia were identified. The left coronary artery arose in a supracommissural position, with a rather slitlike origin (Figure 1) . Surgery was performed with bicaval venous cannulation and normothermic cardiopulmonary bypass and blood cardioplegia for myocardial protection. The common trunk was divided proximal to the origin of the pulmonary arteries that were excised with the intervening truncal tissue in one block. The gap in the ascending aorta was patched posteriorly with heterologous bovine pericardium, as was the ventricular septal defect. The atrial septal defect was partially closed leaving a residual 4-mm interatrial communication.
The posterior papillary muscle of the tricuspid valve was partially torn because of an ischemic lesion. The right ventricle-to-pulmonary artery continuity was obtained with an 11-mm pulmonary homograft. Total cardiopulmonary bypass duration was 170 minutes, with an aortic cross clamp time of 113 minutes; bypass was weaned uneventfully. Epicardial echocardiogram was satisfactory, demonstrating good biventricular function, mild tricuspid regurgitation, and a trivial residual ventricular septal defect at the superior attachment of the patch to the right ventricle. The conduit was well visualized with mild regurgitation and both pulmonary arteries had antegrade flow. The sternum was left open.
Soon after returning to the intensive care unit, the patient developed a low cardiac output state with ischemic changes on the electrocardiogram, rapidly progressing to cardiac arrest. Cardiopulmonary resuscitation with external cardiac massage was immediately started and at 66 minutes intrathoracic extracorporeal membrane oxygenation (ECMO) was established with 8Fr arterial (ascending aorta) and 12Fr venous (right atrium) cannulation.
Repeat echocardiography confirmed adequate repair, with the closure of the ventricular septal defect, an unobstructed right ventricle to pulmonary artery conduit, but very poor left ventricular function. There was no clear demonstrable evidence of forward flow in the left main coronary artery and an unusual appearance of multiple color flow channels within the septum and apical left ventricular free wall, not observed on preoperative echocardiography. This phenomenon was most likely due to the preservation of adequate left coronary artery perfusion before surgical repair, which then became compromised. This raised the suspicion of sinusoids providing retrograde perfusion to the left coronary artery territory (Figure 2 ). Subsequent aortography confirmed obstruction of the proximal left coronary artery, with retrograde perfusion distally from collateral flow from the right coronary (Figure 3) .
The patient was directly transferred on ECMO to the operating room for surgical reexploration. Conventional cardiopulmonary bypass was reestablished and through an oblique aortotomy, the origin of the left coronary artery was exposed, confirming the slit-like orifice and careful probing revealed its intramural course. The origin of this artery was unroofed with an incision opening its superior aspect.
The ECMO support was required for a further four days postoperatively to achieve myocardial recovery and the chest was then closed. Gradually inotropic and ventilatory supports were successfully weaned and an intravenous course of antibiotics for suspected sepsis was completed. Due to a delayed return to consciousness and reduced reflexes, a cranial ultrasound and electroencephalography were performed, which suggested evidence of mild to moderate patchy cerebral insult likely secondary to the lengthy arrest time. The patient showed signs of continued clinical improvement and was eventually discharged on day 27 following surgery. The infant remains well two months after hospital discharge.
Discussion
Coronary artery abnormalities, including intramural coronaries, are reported in the literature, with an incidence between 0.1% and 0.3%. 1 The sinus location itself appears to be related to the number of cusps of the truncal valve among other factors. 2 Single coronary artery has also been reported along with the closely approximated origin of both coronary arteries, with the left coronary arising from a more posterior position than normal. 2 An increasing number of patients with anomalous aortic origin of the coronary arteries with an intramural course have been identified including its presence in truncus arteriosus. 3, 4 The presence of an intramural coronary artery alone increases the risk of acute myocardial ischemia and sudden death, therefore timely identification of this associated anomaly is ideal. 1, 5, 6 Adult patients with intramural coronaries can be asymptomatic or may present with typical myocardial ischemia symptoms such as angina, arrhythmias, and syncope. 1 However, in a neonate, coronary ischemic symptoms may be difficult to recognize or differentiate from other more common pathologies. Myocardial ischemia can be caused by a number of factors 6 :
Compression of the intramural segment during systole and potentially by one of the aortic valve commissures.
Compression of the slit-like orifice during increased aortic pressure. Acute angle at which the coronary artery takes off, leaving it vulnerable to potential kinking and twisting. Presence of an ostial ridge functioning like a valve, impairing blood flow into the coronary artery. Combination of the above factors.
Patients with a common arterial trunk frequently develop myocardial ischemia from coronary hypoperfusion as the pulmonary vascular resistance drops; which is why early surgery is necessary. Our patient developed these ischemic changes very early. At the initial operation, the left coronary artery was noted to be in the supracommissural position, with a somewhat slitlike orifice, and there were ischemic changes in the papillary muscle of the tricuspid valve. The significance of these findings was not initially fully appreciated, and the coronary anatomy was not inspected in more detail. However, at reexploration the intramural course was clear and it seems that this, along with the slit-like orifice, contributed to the pre-and postoperative difficulties.
Surgical treatment of the intramural coronary artery typically involves ''unroofing'' of the origin and proximal course of the artery, forming an enlarged neo-ostium in the correct location, as described by Mustafa in 1981. 7 This technique ''opens up'' the orifice and removes the potential issues of acute angulation and compression of the coronary artery, thus allowing unrestrictive blood flow into the myocardium. Therefore, it is important to carefully inspect the location of the intramural segment in relation to the sinotubular junction before proceeding to the repair. If the segment is close to or above the sinotubular junction, the unroofing can be performed with a potential need for aortic valve resuspension. However, if it is significantly below the level of sinotubular junction, a technique of limited unroofing or fenestration should be considered to avoid excessive takedown and resuspension of the commissure, thus reducing the risk of inducing aortic valve regurgitation. 3, 8 The intramural coronary artery should have been unroofed during the initial truncus repair, preventing the postoperative morbidity.
As demonstrated in our case, the presence of an intramural coronary artery in truncus arteriosus is an uncommon but very dangerous association. Thus, it is important to delineate the coronary arteries' anatomy and inspect the orifices during the initial repair, to assess for any of the features of an intramural segment such as a slit-like appearance. This association must also be suspected if a neonate with truncus arteriosus presents with evident myocardial ischemia in the first week of life, without any associated cause. The urgent surgical procedure, with unroofing of the intramural segment, is the best approach to avoid the life-threatening complications associated with this condition.
Author's Note
Consent was gained from the parents to write and publish this case report. 
